Abstract. The core-shell structure precursor powder was fabricated by coat-mix process in different fabrication conditions with various aging pH value. The porous silicon carbide ceramics were prepared through molding, carbonization, and sintering in argon atmosphere and vacuum, respectively. Morphology, physical phase, weight loss rate, density, porosity, bending strength and thermal shock resistance of porous silicon carbide ceramic samples were analyzed and the results show that the aging pH values of ceramic samples sintered in both of atmospheres have the consistent influence on the performance of the samples. The ceramic samples sintered in vacuum have a better bending strength and porosity, while ceramic samples sintered in Ar atmosphere have a better purity and toughness. When the pH value of aging process ranges from 3 to 5, the porous SiC ceramic samples sintered in Ar atmosphere have a stable thermal expansion coefficient.
Introduction
Porous ceramic materials have many excellent properties, and are widely used in many fields [1] [2] [3] [4] . The porous nature and stability at high temperature behave great advantage in the field of fireproofing materials, catalyst carriers, fluid filtration, high temperature membrane reactors, fluidized bed separators and electrolyte separators, etc. But porous ceramic materials need further improve, such as thermo mechanical properties, porosity and strength, materials aperture control and costs etc. Compared with conventional porous materials, porous silicon carbide ceramic materials possess high temperature strength, high thermal conductivity, corrosion resistance, oxidation resistance and thermal shock resistance, helping them maintain good stability to the hard conditions, and show their promising future as high-temperature ceramic filter materials [5] [6] [7] . There are many different ways to produce porous silicon carbide ceramics, which can be prepared to adapt different working environment [8] [9] [10] [11] [12] . The coat-mix process can make each silicon particle evenly coated by phenolic resin, which enhance the uniformity and eliminate internal stress. Mixing of binder and aggregate to the greatest degree is the key to fabricated porous SiC ceramic products with low molding pressure, high strength and high structural uniformity [10, 13] . Porous silicon carbide ceramics synthesized through coat-mix process by adding a small amount of Al 2 O 3 -SiO 2 -Y 2 O 3 additive have high porosity and both the thermal shock resistance and the thermal conductivity were enhanced [14] . The addition of SiC whisker enhances the bending strength of SiC matrix obviously and high temperature properties can maintain at a good level [15, 16] and the phenolic resin curing reaction is very sensitive to aging pH values and sintering atmosphere [17] . When the pH value rangesfrom 3 to 5 or higher than 7, the phenolic resin shows a lower crosslink degree and char yield, while the ceramics show a higher porosity and a lower thermal expansion coefficient; and the flexural strength decreases as the aging environmental pH value increases.
In this paper, core-shell structure precursor powder was fabricated by coat-mix process in different fabrication conditions with various aging pH value. The porous silicon carbide ceramics were prepared through molding, carbonization, and sintering in argon atmosphere and vacuum, respectively. Morphology, physical phase, weight loss rate, density, porosity, bending strength and thermal shock resistance of porous silicon carbide ceramic samples were analyzed. Fabrication of the porous silicon carbide ceramics. The core-shell structure precursor powder was prepared by coat-mix process [14] . Using 1 mol/L HCl or NaOH solution immediately to control aging pH value. After the turbid liquid being aged, settled, filtered and evaporated, the precursor powder was obtained. Adding a small amount of Al 2 O 3 , SiO 2 and Y 2 O 3 composite to the precursor powder as sintering additives and the porous SiC ceramic samples were fabricated Through molding, carbonization, and sintering process.
Characterization of the porous silicon carbide ceramics. The microscopic structure of block or powder samples were observed by Japan S-3000N type electron microscope. Weight loss was measured by synchronous thermal analyzer (STA449F). Thermal expansion coefficient was measured by thermal dilatometer (DIL-402CD). Porosity and pore size was tested by automated mercury analyzer (Autopore IV 9510). Physical phase composition was measured by X-ray diffraction (Bruker P4) (Cu Kα, λ=1.5418A, scanning range is 2θ = 10°～80°, scan rate is 2°/min). Three-point bending strength was measured by Zwick005 type universal material testing machine. The sample size is 3 mm × 4 mm × 40 mm, with span of 30 mm, and loading rate of 0.5 mm/min. The bending strength of porous silicon carbide ceramics can be calculated with formula (1).
Where, The σ bb is sample bending strength (MPa), P b is sample critical load (N), L is pan (mm), b is sample width (mm), h is sample thickness (mm).
The ceramic samples were heated up to 800 °C and preserved for 30 s, and then removed from the furnace and cooled down to room temperature. The heating and cooling process were repeated for 30 times. The thermal shock resistance of ceramic samples is characterized by bending strength loss rate after thermal shock test as follows: (2) Where, σ 0 is bending strength before thermal shock test; σ 1 is bending strength after thermal shock test.
Results and discussion
Phase analysis of porous silicon carbide ceramics. Pure β-SiC crystal is colorless and the porous silicon carbide ceramic samples present light yellow green because of impurity. The more impurity of porous silicon carbide ceramic samples contain, the deeper color they present. The appearance of the samples after sintered in argon atmosphere is light yellow green, while the samples after sintered in vacuum is black. Therefore, porous silicon carbide samples sintered in vacuum contain more impurity. Fig. 1 (a) and (b) show the typical XRD diffraction patterns (2θ = 10º ~ 80°) of porous silicon carbide ceramics sintered in argon and vacuum, respectively. The pH value in aging process of these two kinds of porous silicon carbide ceramic samples is 4. Fig. 1 shows that porous silicon carbide ceramics sintered in argon atmosphere only contain β-SiC phase. Diffraction peaks appear at 2θ of 36°, 41°, 60°, 72° and 76° correspond to (111), (200), (220), (311) and (222) plane, respectively. No other peaks present in the XRD pattern, indicating the major phase of porous silicon carbide ceramic sintered in argon atmosphere of 0.4 atmosphere is pure β-SiC, and no free silicon, carbon or other phases appear as impurities. While samples sintered in vacuum also contain amount of Si. Because the SiC and Si have a eutectic point, vacuum will constantly siphoned off the silicon of molten component, making the rest of the Si tend to form eutectic content with silicon carbide and influence the reaction of Si and C, and ultimately affect the purity of SiC.
(a) (b) Fig. 1 
XRD patterns of porous SiC ceramics sintered in (a) argon and (b) vacuum
Weight loss rate of ceramic samples during sintering process. Fig. 2 shows the weight loss rates varying curves of porous silicon carbide ceramic samples sintered in two kinds of atmospheres.
The pH values of aging process range from 2 to 10. It can be seen that the trend of weight loss rates varying with aging pH values sintered in two kinds of atmospheres are almost the same. Compared to the other, sample weight loss rates sintered in vacuum are more sensitive to aging pH values, and the changes are more significant. The weight loss rate is lowest at pH value is 4 and 8, while the weight loss rate is highest at pH value of 7. 
Fig. 2 Weight loss rates of porous SiC ceramics sintered in two atmospheres
The density and porosity of ceramic samples. The densities of porous silicon carbide ceramic samples sintered in the argon atmosphere and vacuum varying with pH values of aging process are shown as Fig. 3(a) . It can be seen that the trend of densities of ceramic samples sintered in two kinds of atmospheres varying with aging pH values are almost the same. With the same pH value of aging process, ceramic samples sintered in different atmospheres have close density. Porosities of porous silicon carbide ceramic samples sintered in the argon atmosphere and vacuum varying with pH values of aging process are shown in Fig. 3(b) . It shows that porosity of the silicon carbide sintered in vacuum is higher than that in argon atmosphere, while it has almost the same change trend. It indicates that the influence of pH values of aging process on the porosity of ceramic samples prepared in two kinds of sintering atmospheres is basically the same. The higher porosity sintered in vacuum is due to liquid Si volatilizing more easily in the absence of pressure state, leaving interspaces behind in ceramics. The difference is not obvious on the aperture size.
Morphologies of samples. Fig. 4 (a) and (b) are morphologies of porous silicon carbide ceramic samples sintered in the argon atmosphere and vacuum captured by scanning electron microscopy (SEM). It can be seen that, samples sintered in vacuum have thin pore wall, while samples sintered in argon atmosphere have the pore wall thick and smooth. This is because silicon is not easy to volatile in argon atmosphere, it is forced to overflow from channels of samples and react more fully with carbon skeleton on the surface under internal thermal stress, forming more massive silicon carbide. Bending strength and thermal shock resistance. Fig. 6 (a) and (b) show that the bending strength of porous silicon carbide ceramic samples sintered in the argon atmosphere and vacuum, and the pH value of aging process is 4. Fig. 6 shows that samples sintered in vacuum have higher bending strength, and the curve is very straight, which indicates that the samples are very brittle. Although samples sintered in argon atmosphere have lower strength, the curve rises slowly with many twists and turns, which indicating good toughness of the samples. 
Conclusions
The core-shell structure precursor powder was prepared by coat-mix process with various pH values in aging process, and the porous silicon carbide ceramics were fabricated through molding, carbonization, and sintering under 0.4 atm argon atmosphere and vacuum, respectively. Results show that the influence of aging pH value on the performance of the ceramic samples sintered in both of atmospheres is basically consistent. Ceramic samples sintered in vacuum have higher bending strength and porosity, while ceramic samples sintered under an argon atmosphere are proved to have high purity, good toughness, and the thermal expansion coefficient is more stable in the range of aging pH value 3-5. Porous silicon carbide ceramics sintered in vacuum contain a small amount of silicon, and generate silicon carbide-silicon eutectic resultant at high temperature of 1400 °C, which would greatly reduce the tolerance of silicon carbide ceramics to high temperature. However, this ceramics sintered in vacuum have high bending strength and high porosity at not too high environmental temperatures, and have a potential application prospects in many fields.
